Background: Crude aqueous extract of the root bark of Zanthoxylum xanthoxyloides is used in folklore medicine for its anti-inflammatory activity. Although it shares the analgesic and anti-inflammatory property of non-steroidal anti-inflammatory drugs (NSAIDs), its mechanism of action has not been well elucidated. Objective: To ascertain whether the extract decreases carrageenin-induced increase in plasma prostaglandin E 2 (PGE 2 ) concentration with the view to shed light on the mechanism of action. Methods: The extract was obtained by Soxhlet extraction and rotatory evaporation, followed by freezedrying. Forty Wistar rats (150g -200g) were assigned to 8 groups of 5 rats each. The rats were given four different treatments orally: 0.9% saline (two groups of control); two groups received indomethacin, 20mg/kg and 40mg/kg respectively; another two groups received the extract, 2000mg/kg and 4000mg/kg respectively; and the remaining two groups, 50mg/kg and 100mg/kg nimesulide respectively. Inflammation was induced with carrageenin in one of the two groups of control. Enzyme-linked immunospecific assay was used to measure plasma PGE 2 concentration in the control and treated groups of rats. Analysis of variance was used as the statistical test. Differences in means at p<0.05 were considered significant. Results: Carrageenin increased plasma PGE 2 concentration which was reduced by the extract, indomethacin and nimesulide. High dose extract and indomethacin reduced plasma PGE 2 concentration to a comparable extent which was much greater than that of the reduction caused by nimesulide. Conclusion: It was concluded that the extract might act by non-selective inhibition of cyclooxygenase 1 and 2 to decrease plasma PGE 2 concentration.
INTRODUCTION
Crude aqueous extract of the root bark of Zanthoxylum xanthoxyloides is used in folklore medicine for its antiinflammatory activity. 1 It is now well established by pharmacological study that the extract has antiinflammatory activity. 2, 3 Chemical analysis of the extract has not revealed any steroid constituent 4 , and the isolated and purified active principle has been identified as fagaramide. 3 The extract, as an antiinflammatory agent, can therefore be categorized as non-steroidal anti-inflammatory drug (NSAID).
NSAIDs produce their anti-inflammatory activity by: 1) inhibiting the release or biosynthesis of chemical mediators 5, 6 ; 2) inhibiting migration of inflammatory cells 7, 8 ; and 3) inhibiting expression of cell adhesion molecules. 9, 10 All NSAIDs share the first mechanism. Some NSAIDs exhibit the second and/or the third mechanism in addition to the first. Indomethacin, a prototype of NSAIDs, exhibits all the three mechanisms.
Inhibition of prostaglandin (PG) biosynthesis is now recognized as the major mechanism underlying the analgesic, antipyretic, and anti-inflammatory property of NSAIDs. It is this same mechanism that confers adverse effects or therapeutic disasters on NSAIDs. Among the prostaglandins, PGE 2 has been established as a chemical mediator of inflammation as it is produced most abundantly in inflammation in contrast to its low production under physiological conditions.
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NSAIDs decrease production of prostaglandin consequent to inhibition of cyclooxygenase (COX). 12 Although the extract shares the analgesic 2 and antiinflammatory 2,3 property of indomethacin, its mechanism of action has not been well elucidated. In vitro, the extract inhibits prostaglandin synthetase activity to reduce PGE 2 production. 3 The study was, therefore, undertaken to verify whether the extract could inhibit PGE 2 production in vivo.
MATERIALS AND METHODS

Collection and extraction of the root bark
The roots of Z. xanthoxyloides (identified and confirmed in the Department of Botany, University of Ghana, Legon) were collected from a forest at Akatsi, Volta Region, in the month of August and were solardried for 1 day. Voucher specimen (Collection No: GC 47717) of the plant was deposited at Ghana Herbarium. The root barks were removed, washed, and dried in hot oven (55 O C) for five days. The dried root barks were pulverized and 300mg aliquots of the powder extracted in 3L of water in Soxhlet apparatus 13 . The extraction was allowed to continue until a point where no more brown colouration was imparted to the water. This was used as an index for complete extraction. The clear brown extract was concentrated 10-fold in a rotatory evaporator (Bibby Sterilin rotatory evaporator RE -100). The viscous brown fluid was freeze-dried in Edward Modulyo freeze-drier (Edwards High Vacuum). The freeze-dried powder was stored at -18 o C until when needed. Reconstituted freeze-dried powder in 0.9% saline is referred to as "the extract" in this text.
Drug administration and blood collection
Forty Wistar rats of both sexes (150g -200g) were randomly assigned to 8 groups (treatment cells) of five rats each (cohort). Two groups received normal saline (control); two groups were given two doses of indomethacin, 20mg/kg and 40mg/kg respectively; another two groups were given nimesulide at two dose levels, 50mg/kg and 100mg/kg respectively; and the remaining two groups, given the extract at two dose levels, 2000mg/kg and 4000mg/kg respectively. One percent (w/v) carrageenin in 0.9% saline, 0.1ml, was used to induce inflammation in the right hind paw of one group of control rats (control 2) and the treated groups, one hour after treatment. The carrageenin-treated control group (control 2) served as positive control. One hour after the injection of carrageenin, the rats were anaesthetized with ether, and dissected to expose the heart. Blood samples were collected separately from each animal by cardiac puncture and immediately put into tubes containing EDTA. The blood samples were centrifuged at 10,000rpm for 15min, and the plasma decanted and stored at -4 o C.
Measurement of plasma PGE 2 concentration
Enzyme-linked immunospecific assay (ELISA) 14 was used to measure plasma PGE 2 concentration. Optical density (O.D) was read for solution in wells containing: 1) serially diluted concentration (0 -320pg) of standard prostaglandin (provided in the kit) bound to both antibody (specific binding) and non-antibody sites (non-specific binding) on the well wall. Zero concentration of standard prostaglandin is referred to as zero standard; 2) plasma PGE 2 (sample) bound to both antibody (specific binding) and non-antibody sites (non-specific binding) on the well wall; and 3) prostaglandin PGE 2 bound to only non-antibody site (nonspecific binding, NSB).
The amount of PGE 2 bound (specific binding) to the wall (B w ) was expressed as a percentage of the total PGE 2 in the well (B T ), using the formula: %B W /B T = {(standard or sample OD -NSB OD) / (zero standard OD -NSB OD)} x 100
A calibration curve was constructed by plotting the %B W /B T of the standards as a function of the log concentrations. The concentration of plasma PGE 2 was determined by extrapolation from the calibration curve.
The percent inhibition of PG synthesis (I%) was calculated, using the formula: I% = {1 -(conc. S/ conc. C)} x 100
where conc S = concentration of plasma PGE 2 in drug or extract treated rats and conc C = concentration of plasma PGE 2 in control rats
Statistical analysis
Analysis of variance was used to compare the means of plasma PGE 2 concentration of the different treatment groups. Post hoc analysis (after-test ANOVA) was employed to compare the means of paired observations (inter-groups and intra-group). Inhibition was expressed as percent of control. Differences in means at p<0.05 were considered significant.
RESULTS
A plot of percentage absorbance (%B W /B T ) against log concentration of standard PGE 2 (calibration curve) was linear with 0.9056 coefficient of regression. Carrageenin-treatment significantly (p<0.05) increased plasma PGE 2 concentration as indicated by the higher concentration in control group 2 than in control group 1 ( Table 1 ).
The concentration of plasma PGE 2 in the extract, indomethacin or nimesulide treatment groups was lower than that of the two control groups. Indomethacin, nimesulide, and the extract significantly (p<0.05) reduced plasma PGE 2 concentration at both dose levels ( Table 1 and Fig. 1 ).
Low dose (2000mg/kg) and high dose (4000mg/kg) extract caused 35% and 84% reduction in plasma PGE 2 concentration respectively. The percentage reduction (84%) caused by high dose extract was comparable to the 84% and 96% reduction in plasma PGE 2 concentration caused by low dose (20mg/kg) and high dose (40mg/kg) indomethacin respectively. Unlike in the case of the extract, doubling the dose of indomethacin did not greatly enhance the decrease in plasma PGE 2 concentration. Nimesulide, even at a large dose (100mg/kg), did not decrease plasma PGE 2 concentration to an extent as great as that of the decrease caused by high dose extract or both high and low dose indomethacin.
Post-hoc analysis showed that the extract, indomethacin or nimesulide caused significant dose-dependent (p<0.05) percentage reduction in plasma PGE 2 concentration ( Table 1 ). The percentage reduction in plasma PGE 2 concentration also differed significantly (p<0.05) among the groups of rats receiving different dose levels of the extract, indomethacin and nimesulide. Compared to the extract, indomethacin caused a significantly greater percentage reduction (p<0.05) in plasma PGE 2 concentration at the two dose levels. However, there was no significant difference (p = 0.7800) between the percentage reduction in plasma PGE 2 concentration caused by 4000mg/kg extract and 20mg/kg indomethacin.
DISCUSSION
The data show that plasma PGE 2 concentration in rats increased following carrageenin-induced inflammation but decreased when the inflammation was challenged with varying doses of the extract, indomethacin or nimesulide. Although indomethacin and other NSAIDs have been shown to decrease plasma PGE 2 concentration 7 , no such finding has been reported for the extract.
PGE 2 is produced in small quantity under normal physiological conditions but in large quantity during inflammation. 11 The substantial increase in PGE 2 in inflammation is attributable to expression of COX-2 15 . Since indomethacin (a non-selective inhibitor of COX-1 and COX-2) and nimesulide (a selective COX-2 inhibitor) both decreased carrageenin-induced increase in the plasma PGE 2 concentration suggests that the higher plasma PGE 2 concentration in carrageenin treated rats (control 2) as compared to that in non-carrageenin treated rats (control 1) is due to expression of COX-2 (Table 1) . A selective COX-2 inhibitor, such as nimesulide, would therefore be expected to reduce inflammation or carrageenin-induced increase in plasma PGE 2 concentration to a lesser extent than non-selective inhibitor of COX-1 and COX-2 as, indeed, was observed: low doses of indomethacin (20mg/kg) and nimesulide (50mg/kg) caused 84% and 24% reduction in carrageenin-induced increase in the plasma PGE 2 concentration respectively. The corresponding values at high dose were 96% and 53% for indomethacin (40mg/kg) and nimesulide (100mg/kg) respectively (Table 1 and Fig 1) . The relatively low percentage reduction in the plasma PGE 2 concentration caused by nimesulide suggests that nimesulide reduced only the component of increased plasma PGE 2 concentration due to the expression of COX-2.
However, considering the percentage increase in the plasma PGE 2 concentration (31%), caused by carrageenin treatment, it would seem large dose nimesulide (100mg/kg) caused a greater reduction (53%) in the plasma PGE 2 concentration than could be accounted by the inhibition of only COX-2. This could be due to the fact that either nimesulide loses its selectivity of action at high doses or that COX-1 and COX-2 coexist in the non-inflammatory state with COX-2 occurring in minute or small quantity.
The extract, at large dose, reduced the carrageenininduced increase in the plasma PGE 2 concentration to an extent comparable to that of indomethacin but greater than that caused by nimesulide. In this regard, the extract acted in a manner similar to indomethacin and, therefore, it is suggested that the extract might inhibit both COX-1 and COX-2. Inhibition of the COX isomers, however, may not be the sole basis for the reduction in the carrageenin-induced increase in the plasma PGE 2 concentration as fagaramide, an isolated and purified compound of the extract, inhibits prostaglandin synthetase activity in vitro. 3 PGE 2 has been implicated in a majority of inflammatory reactions including pain, increased capillary permeability, vascular dilatation and recruitment of inflammatory cells; and the inhibition of its biosynthesis by anti-inflammatory agent causes the reversal of the inflammatory reaction. The ability of the extract to inhibit biosynthesis of PGE 2 may underlie, to a large extent, its anti-inflammatory activity, viz., suppression of pain (analgesia), reversal of vasodilatation, decreased capillary permeability and inhibition of migration of inflammatory cells.
CONCLUSION
Carrageenin-induced increase in plasma PGE 2 concentration was reduced by the extract, indomethacin and nimesulide. High dose extract and both low and high dose indomethacin decreased the plasma PGE 2 concentration to a comparable extent which was much greater than the reduction caused by nimesulide. It would seem, therefore, that the extract and indomethacin share similar mechanism of action, that is, inhibition of both COX-1 and COX-2 with consequent reduction in plasma PGE 2 concentration. The decrease in plasma PGE 2 concentration can account for the antiinflammatory activity of the extract.
